Background: Dengue is a viral disease transmitted by Aedes aegypti mosquito. Dengue has become an important public health problem worldwide. It affects tropical and subtropical regions around the world, predominantly in urban and semi urban areas. Dengue outbreaks characteristically have been associated with high rainfall as well as elevated temperatures and humidity. In Malaysia, dengue fever (DF) and dengue haemorrhagic fever (DHF) have shown an increasing trend. This study aimed to map the spatial distributions of dengue cases in Putrajaya through integration of Geographical Information System (GIS) and spatial statistical analyses. Methodology: This study analysed 389 dengue cases from 2013 to 2014 in different precincts in Putrajaya. Data were collected from various government health agencies. Three spatial statistical analyses [Moran's I, Average Nearest Neighbourhood (ANN) and Kernel Density estimation] were used to access spatial distribution cases. Results: Analysis showed dengue cases within the district were highly clustered and occurred at an average distance of 264.91 meters. Several locations especially residential areas had been identified as hot spots of dengue cases in the precinct by using kernel density estimation analysis. Conclusion: The study has shown that by integrating spatial analysis using GIS, it is possible to improve the understanding of the distribution of dengue cases within a particular area. GIS and spatial statistical analyses are important in guiding health agencies, epidemiologists, public health officers, town planners and relevant authorities in developing efficient control measures and contingency programmes in identifying and prioritizing their efforts in effective dengue control activities.
Introduction
Dengue is an illness caused by a virus that is spread through mosquito bites. Symptoms include fever, headache, nausea, vomiting, rash, and pain in the eyes, joints, and muscles [1] . With more than one-third of the world's population living in areas at risk for infection, dengue virus is a leading cause of illness and death in the tropics and subtropics. There is no specific treatment for dengue, however, with frequent and appropriate medical care; the lives of patients with the more serious dengue haemorrhagic fever (DHF) could be saved. The only way to prevent the transmission of dengue virus is to combat the carrier [2] .
Dengue infection is caused by dengue virus which is a mosquito-borne flavivirus. It is transmitted by Aedes aegypti and Aedes albopictus. There are four distinct serotypes, DEN-1, 2, 3 and 4. Each episode of infection induces a life-long protective immunity to the homologous serotype but confers only partial and transient protection against subsequent infection by the other three serotypes [2] .
According to World Health Organization, more than 108,698 dengue cases, including 215 deaths have been reported in Malaysia in 2014. This is a 151% increase in cases in 2014 compared with the same period in 2013 [3] . The number of reported dengue fever (DF) cases in Malaysia had shown an increasing trend from 2004-2014 (Figure 1) .
The incidence rate had also shown an upward trend from 132.5 cases/100,000 population in 2004 to 343.1 cases/100,000 population in 2014 (Figure 2) . This exceeds the national target for the incidence rate of DF and DHF which is less than 50 cases/100,000 population. Dengue fever accounted for almost 95% of all reported cases. The serologically confirmed cases were approximately 40% -50% of these cases at the time of notification [2] .
The utilisation of geographical information system (GIS), a computerized system that combines spatial and descriptive data for mapping and analysis is being increasingly used to collate and map available epidemiological information and relate it to factors such as climate and environmental factors known to influence distribution of diseases together with time, people and other dimension of interest [4] .
GIS plays an important role in disease surveillance and control of the mosquito-borne diseases as they assist in the analysis of potential risk factors associated with the disease through the geo-coding processes [5] and facilitate maps that are useful for the identification of spatially and temporally localised areas of potential high-risk populations [6] - [10] . The visualised information represented in different types of maps based on GIS enables simultaneous observation of both attribute and geographical relationships [11] - [13] . Maps also help policy decision-makers and public health officials to communicate with the public and policy decision-makers about complex information in an easily interpretable format [13] [14] .
GIS can provide not only an opportunity to improve our understanding of the distribution patterns of dengue, but can also provide an environmentally and socially informed platform to develop the elements of an early warning system towards control and prevention of dengue [8] . The objective of this study was to analyze the dengue outbreak pattern in Putrajaya in terms of their spatial dissemination and hotspot identification.
Methods

Study Area
Putrajaya located in 25 km southern Kuala Lumpur, is the federal administrative capital of Malaysia. Putrajaya was used as our study area because it was increasing trend of dengue cases from 2012 to 2014. This study used precinct, the smallest local governing unit in Malaysia, as the spatial zoning boundary. All of the precinct were under jurisdiction of Perbadanan Putrajaya (Figure 3 ).
Data Collection
Several types of data were incorporated into GIS environment such as dengue case data and demographic data. These data were gathered from various sources.
Dengue Data
Dengue data from years 2012 until 2014 were obtained from Putrajaya District Health Office. All data were sorted according to each precinct and years. All the cases were documented in e-dengue database and extracted to Microsoft Excel program. Figure 4 shows the number of dengue cases for each precinct in Putrajaya. Attributes such as gender, age, ethicity, occupation, address, date of admission and date of discharge, type of dengue, locality of dengue incidence and number of weeks of dengue cases. During the data smoothing process, we excluded the uncompleted data to avoid any biasness. In order to synchronize all digital data coordinate system, we decided to use World Geodetic System (WGS 84) which serve the x, y of an object by longitude and latitude respectively. The coordinate or point of the dengue incidence was essential in this study as it reflect the spatial correlation of dengue between each sub-district.
Spatial Analysis
In this study, the spatial distribution of dengue incidence within Putrajaya area was examined using spatial statistic method. First, a global spatial autocorrelation method which is Moran's I was used to evaluate whether the pattern expressed was clustered, dispersed or random. The tool calculates the Moran's I Index value and both z-score and p-value to evaluate the significance of that Index. P-values are numerical approximations of the area under the curve for a known distribution, limited by the test statistic.
The Moran's I statistic for spatial autocorrelation given as: where x is the number of cases, x is the mean of the variable, x i is the variable value at a particular location i, x j is the variable value at another location j, and W ij is a weight indexing location of i relative to j. The value of Moran's I range from −1 for strong negative spatial autocorrelation to +1 for strong positive spatial autocorrelation. A value near 0 would indicate a spatially random pattern. The Average Nearest Neighbor (ANN) tool measures the distance between each feature centroid and its nearest neighbor's centroid location and averages all these nearest neighbor distances. If the average distance is less than the average for a hypothetical random distribution, the distribution of the features being analyzed is considered clustered. If the average distance is greater than a hypothetical random distribution, the features are considered dispersed. The average nearest neighbor ratio is calculated as the observed average distance divided by the expected average distance (with expected average distance being based on a hypothetical random distribution with the same number of features covering the same total area).
The average Nearest Neighbour is given as:
where D O is the observed mean distance between each feature and their nearest neighbour:
And D E is the expected mean distance for the features given a random pattern:
In the above equations, d i equals the distance between feature i and its nearest feature, n corresponds to the total number of features and A is the total study area. The Z ANN score for the statistic is calculated as: 
=
Hot spot analysis using Kernel density estimation interpolation technique was used to calculate the density of point features around each output raster cell. According to Keim, kernel density estimation is an effective tool to identify high-risk areas within point patterns of disease incidence by producing a smooth, continuous surface that defines the level of risk for that area [13] . Kernel density estimation is an interpolation that is appropriate for individual point locations [12] . It calculates the density of point features around each output raster cell. According to Indaratna, the kernel estimate is a better 'hotspot' identifier than the cluster analysis [12] . Kernel density estimation is a useful method as it helps to precisely identify the location, spatial extent and intensity of dengue disease hotspots.
Results
A total of 389 dengue cases were reported from 2012 to 2014 in Putrajaya with Precinct 11 (150 cases) notified the highest number of cases followed by Precinct 9 (105 cases), Precinct 14 (47 cases 
Spatial Distribution
Moran's I was used as an index of spatial autocorrelation to access the spatial distribution of dengue cases within Putrajaya. Result from Moran's I test on dengue incidence for Putrajaya indicated that there was positive spatial autocorrelation among dengue incidence within precincts. The Moran's I for dengue cases is −0.05 (p < 0.01) while the z-score is 0.05 (p < 0.01) (Figure 5 ).
Distance Analysis
The result of ANN analysis gives three values which are Nearest Neighbour Ratio (R), z-scores and p-value. It was found from analysis the distribution of dengue cases in the Putrajaya for 2013 and 2014 was spatially clustered. Results from ANN analysis showed that the average nearest neighbour ratio was less than 1; i.e. 0.37 (p < 0.0001). Figure 6 shows the cluster pattern of dengue cases in Putrajaya district. The z-score for dengue incidence within the Precincts was −16.44 (p < 0.0001) and the significant spatial autocorrelation of dengue incidences occurred at an average distance of 264.91 meters. 
Hot Spot
Kernel density estimation was applied in this study to locate 'hot spot' for dengue cases in Putrajaya District. The dark colour area in Figure 7 is the hotspot identified with maximum dengue incidence density. Hence, with the help of dengue density map we are able to target specific area within plot showing highest incidence.
Overall picture of dengue density variation within the plots can be known with the help of kernel density map. From the result, we can identify the area most affected by dengue disease. Generally, most of the hot spot locations were located in Precinct 11. Hot spot locations were also found at Precinct 14, Precinct 9, Precinct 7, Precinct 8, Precinct 16, Precinct 17 and Precinct 18. All of the detected hot spots were situated at residential areas especially apartments.
Discussion
Our study found out that the dengue cases in the precincts were spatially autocorrelated through Moran's I indices. The dengue cases were distributed at random chances. These findings were different with Er's study in Hulu Langat district where spatial distribution were spatially clustered [14] . However, ANN analysis stated that the dengue cases were highly clustered and it was found that the significant spatial autocorrelation of dengue incidences occurred at an average distance of 264.91 meters. This could be due to the fact that spatial clustering of disease is almost inevitable since human population generally live in spatial clusters rather than random distribution in space [15] . Previous studies in Kuala Lumpur city [14] and Hulu Langat district [16] also indicated spatial clustered patterns of dengue cases.
Kernel density estimation was a useful tool to locate the "hot spot" whereby traditional use of incidence data cannot distinguish the spatial differences in risk areas from those of their neighbouring areas, which is crucial for the effective control of vector-borne infectious diseases [17] . It was proven from this study that by using GIS and spatial statistic tools, we can determine the spatial autocorrelation between dengue cases and population.
Data on disease vectors is important because human-mosquito contact is the main risk factor of dengue fever, thus additional data on the principal mosquito vector, such as the number of containers or control measures of breeding sites would give an estimate of vector presence [17] . Future research should extend from current study to a national scale analysing with more rigorous geo-statistical analysis tools to avoid oversimplification of climatological impact on dengue transmission. Better understanding of the mosquito's gonotrophic cycle and virus latency period may also be crucial in the planning of an efficient dengue control programme [18] . Activities for the prevention and control of dengue infection carried out in Malaysia should consider to incorporate analysis of environmental factors, thus this study analysed the spatial distribution of dengue cases in the Federal Territory of Putrajaya. The study was done by coupling the data manipulation and geographic presentation capability of GIS and spatial statistic to map the spatial distribution of dengue cases. Furthermore, this study provided a new dimension to the health authorities in Malaysia, specifically in the potential of using GIS application to develop strategies for the implementation of preventive and control activities for dengue infection.
Conclusion
The study has shown that by integrating spatial analysis using GIS; it is possible to improve the understanding of the distribution of dengue cases within a particular area. This study has proven that it is possible to improve the understanding of dengue cases distribution within areas without relying on information about the density of mosquitoes. GIS and spatial statistical analyses are important in guiding district health office of Putrajaya and Perbadanan Putrajaya in developing efficient control measures and contingency programmes in identifying and prioritizing their efforts in effective dengue control activities.
